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  30 
 Background and Aims The Berg hypothesis proposes that specialized-flower traits 31 
experience stronger stabilizing selection than non-floral structures and predicts that 32 
variation in specialized-flower traits will be mostly uncorrelated with variation in 33 
non-floral traits. Similarly, adaptive-accuracy theory predicts lower variation (as a 34 
proportion of the mean) in floral traits than in non-floral ones. Both hypotheses can be 35 
extended to comparisons between floral traits, where different parts of the flower can 36 
be expected to experience different strengths of stabilizing selection, resulting in 37 
contrasting patterns of variation. The present study tests these ideas by analyzing 38 
variation/covariation in those floral traits influencing the location of pollen placement 39 
on, and stigma contact with, pollinators ("pollination-mechanics traits”, PMTs) in 40 
relation to variation/covariation in non-floral traits and floral traits not directly 41 
involved in the mechanics of pollination. The prediction was that PMTs are canalized 42 
(buffered against genetic and environmental variation) relative to attraction traits, as 43 
manifested in lower variances and modular independence.  44 
 Methods Floral and inflorescence structures of ten species of triggerplants (Stylidium, 45 
Stylidiaceae) in southwestern Australia were measured; the data were analyzed using 46 
multivariate and bivariate approaches to detect modular structure of floral and non-47 
floral traits and assess evidence for canalization of PMTs. 48 
 Key Results Only six of the ten species had PMTs with smaller correlations 49 
coefficients than attraction traits, in contrast to the Berg expectation. However, 50 
allometric and variance patterns were generally consistent with the predictions of an 51 
extended Berg hypothesis and adaptive accuracy. There was modular separation of 52 
floral from non-floral traits and clear intra-floral modular structure.  PMTs showed 53 
lower proportional variation and shallower allometric slopes than pollinator-attraction 54 
traits in nine and eight, respectively, of ten species. 55 
 Conclusions This study demonstrates the value of allometric and variance analyses 56 
(as opposed to correlation) in assessing the evolutionary significance of floral-trait 57 
stability and plasticity.   58 
 59 
Key words: Adaptive accuracy, allometry, Berg hypothesis, canalization, covariance ratio, 60 
floral evolution, intra-floral modularity, phenotypic integration, phenotypic plasticity, 61 
pollination 62 
63 
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INTRODUCTION 64 
 65 
Morphological variation within and among populations and species has both puzzled and 66 
fascinated evolutionary biologists from Darwin’s days onwards. Why do some traits vary 67 
widely within species and others very little? Why do some traits covary and others not? A 68 
number of approaches have been taken to explain differences between traits in degree of 69 
within-population variation and covariation. One of the earliest and most cogent hypotheses 70 
about patterns of trait variation and covariation in flowers was put forward by Raissa Berg 71 
[1960; but see also Stebbins (1951) and Sporne (1954) for earlier, contrasting approaches]. 72 
She and subsequent researchers have emphasized the role of natural selection in generating 73 
these patterns (see reviews and discussions in Conner and Sterling, 1996; Armbruster et al., 74 
1999, 2004, 2014; Hansen et al. 2007; Pélabon et al., 2011, 2013; Murren 2012; Conner and 75 
Lande, 2014; Wanderley et al., 2016), but other factors, such as genetic and developmental 76 
constraints, can also be involved (Gould and Lewontin, 1979; Gould, 2002). The “Berg 77 
hypothesis” in its original form can be summarized as the expectation that the variation in 78 
traits of specialized flowers will be largely uncorrelated with variation in vegetative and other 79 
non-floral traits (Berg, 1960; Conner and Lande, 2014). In modern terminology, the original 80 
Berg hypothesis proposes the modular structure of traits (see Wagner and Altenberg, 1996), 81 
with floral traits forming a separate module from vegetative traits. The Berg hypothesis can 82 
be extended to expecting the existence of multiple trait modules within flowers (“intra-floral 83 
modularity”), due to differences in the form or strength of natural selection acting on 84 
different floral structures (Ordano et al., 2008; Diggle et al., 2014); we can call this the 85 
“extended Berg hypothesis”. The predictions of the Berg hypothesis can also be broadened 86 
from the expectations about correlations between traits to other statistical properties, 87 
including proportional variances (Fenster, 1991; Armbruster et al. 1999) and steepness of 88 
regression slopes (Armbruster et al., 1999); we can call these the “broad-sense predictions” 89 
of the Berg hypothesis.    90 
In the present study, we focus on floral and inflorescence traits of ten congeneric plant 91 
species. Given a set of morphological characters measured across a series of related species, 92 
what can we learn about the variational consequences of inferred variation in the shape and 93 
intensity of selection on floral and non-floral traits with different functions? We might expect 94 
that some floral traits (e.g. style length) to have experienced more stringent stabilizing 95 
selection (narrower adaptive peak) and thus show reduced variation, than other traits (e.g. 96 
petal length), while yet others (e.g. plant stature and inflorescence size) might be selected to 97 
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be plastic and thus show even greater variation. More precisely in the present context, we 98 
wish to know if there are differences in variation (reflecting past differences in intensity of 99 
selection) in those floral traits involved in placing pollen on, and retrieving it from, 100 
pollinators (style and stamen lengths; Armbruster et al., 2009a), as compared to traits 101 
involved only in attracting pollinators’ attention (e.g. lengths of calyx or corolla lobes, when 102 
these are not involved in positioning the pollinators relative to the fertile parts).   103 
 104 
Pollination accuracy   105 
 Pollination accuracy is an application of the “adaptive-accuracy” theory (Hansen et al. 106 
2006; Pélabon et al. 2012) to flowers (Armbruster et al. 2004). Both of these concepts have 107 
been discussed in detail elsewhere (Armbruster et al. 2009a, 2009b, Pélabon et al. 2012) and 108 
are only briefly reviewed here. For example, we can think about the average position of 109 
pollen on pollinators being close to, or far from, the best place on the pollinator for being 110 
transferred to stigmas of other conspecific flowers (i.e. high or low “optimality”, 111 
respectively). But we can also think about the precision or imprecision of pollen placement, 112 
such that most pollen is close to or far from the population mean (degree of consistency or 113 
“precision”), whether or not the mean position is near the optimum. These two components 114 
are additive and, in theory, together determine pollination fitness (other things being equal). 115 
The utility of distinguishing between optimality and precision for the present study is that a 116 
plant population can respond to selection for improved pollination accuracy by either: (1) 117 
increasing the match of the mean of the trait across flowers to the optimum (increase 118 
optimality; e.g. Conner and Via, 1993; Armbruster et al., 2009b), or, (2) increasing trait 119 
precision so that the flowers have more consistent morphologies, ideally closer to the 120 
optimum trait values. This second adaptive response can come about through establishment 121 
of modularity, facilitating trait canalization and lower within-individual and within-122 
population variation in flower morphology (Armbruster et al., 2004, 2009a), the subject of 123 
the present study.   124 
The evolution of modularity increases pollination accuracy by reducing trait 125 
imprecision (but not necessarily increasing the optimality of the trait mean).  Note that we are 126 
concerned here primarily with “fundamental pollination accuracy”, which is based on 127 
measurements of those floral organs influencing where pollen is deposited and where stigmas 128 
contact pollinators (versus “realized accuracy” as detected from observations where pollen 129 
actually is on the pollinators; Armbruster, 2014).  130 
5 
 
We therefore expect some traits to be under more stringent selection for both 131 
precision and optimality than others, as noted above. For example, following adaptive 132 
accuracy theory, we predict that pollination-mechanics traits (PMTs), which control where 133 
pollen is placed on the pollinator and where stigmas contact the pollinator, to be selected for 134 
greater precision (lower intra-population variation) than non-floral traits and floral traits that 135 
do not affect the mechanics of pollen placement and pickup, at least in flowers with bilateral 136 
symmetry and consistent pollinator orientation (as noted by Berg, 1960). This is because any 137 
plants in the population producing flowers that place pollen in locations where conspecific 138 
stigmas do not normally contact the pollinator will be at a reproductive disadvantage 139 
(depressed male component of fitness). The same is true of plants producing flowers with 140 
stigmas contacting pollinators in locations where pollen is rarely placed by other conspecific 141 
flowers (depressed female component of fitness). (Note than when the petals and sepals are 142 
involved in mechanical positioning of the pollinator or play a role in precise mimicry, as in 143 
pseudocopulatory orchids, it may be the perianth that shows minimal variation.) In the case of 144 
Stylidium, we thus expect that the length of the pollen-retrieving structure (female-phase 145 
column) should closely match the population-average length of pollen-depositing structure 146 
(male-phase column) and vice versa.   147 
 148 
Canalizing selection on flowers 149 
 Both “canalization” and the relationship between “canalizing selection” and 150 
stabilizing selection deserve clarification. As used here, canalizing selection is a form of 151 
stabilizing selection whereby genotypes that render developing individuals particularly 152 
sensitive to maladaptive genetic variation or environmental variation (high plasticity) are 153 
eliminated from the population (Schlichting and Pigliucci, 1998; Wolf et al., 2004). In other 154 
words, canalizing selection favours mechanisms that allow individuals to achieve target 155 
phenotypes, a result of which is reduced variation within individuals or clones (e.g. across 156 
repeated structures on a plant, such as leaves or flowers) and therefore also in the population. 157 
In contrast, stabilizing selection is any selection that trims the extreme trait values, with or 158 
without any effect on developmental stability or phenotypic canalization. In both cases, if 159 
selection operates equally against both extremes of phenotype, the population variance will 160 
be reduced (at least temporarily) and the mean remain stable. Thus, in plants, pure stabilizing 161 
selection will lead to a decrease in population-level variation of a floral trait in the next 162 
generation without decreasing average within-plant variation in that trait. In contrast, 163 
canalizing selection will lead to decreases in both within-plant variation and total population 164 
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variation of the floral trait. [Note that if we think of evolution by means of natural selection 165 
as a two-step process, i) phenotypic selection and ii) genetic response to selection, as we and 166 
many others prefer (Lande and Arnold 1983; but see Endler 1986), then “canalizing 167 
selection” is technically shorthand for an evolutionary response, involving canalization, to 168 
stabilizing phenotypic selection.] 169 
Canalization thus reduces phenotypic variation, presumably through some 170 
homeostatic mechanism. Although canalization has been viewed as a developmental 171 
constraint on evolution, in the present context it can be viewed as adaptive, because it reflects 172 
response to selection for phenotypic precision. Environmental canalization refers to buffering 173 
against environmental perturbation of the phenotype (plasticity), resulting in reduced 174 
environmental variance in the quantitative-genetic sense.  In contrast, genetic canalization 175 
refers to buffering against genetic perturbation of the phenotype (reducing genetic variance, 176 
in the quantitative-genetic sense, at the population level; see Masel and Siegel, 2009). 177 
Both persistent canalizing selection and stringent stabilizing selection (as is the case 178 
with a high, narrow adaptive peak) will generally result in lower “proportional variation” (i.e. 179 
variation as a proportion of the trait mean, as seen in coefficients of variance and analysis of 180 
natural-log transformed data) in target traits in the population compared to traits not under 181 
such selection. In addition, both types of selection may weaken covariation with correlated 182 
traits not under selection, as reflected in reduced absolute values of correlation and/or 183 
regression coefficients, as reflected in modularization (Wagner and Altenberg 1996; 184 
Armbruster et al. 1999; see below).  185 
 186 
Intra-floral modularity 187 
“Modularity” describes patterns of covariation where some traits may covary among 188 
themselves, but are together largely independent of other traits. This pattern can be the result 189 
of canalizing selection acting on some traits but not others (Wagner and Altenberg, 1996; 190 
Armbruster et al., 2014). Berg (1960) and subsequent researchers have shown that 191 
morphological features of flowers tend vary less and be uncorrelated with variation in 192 
vegetative traits; this has been interpreted as probably reflecting stronger stabilizing or 193 
canalizing selection acting on floral structures than vegetative structures. Indeed, vegetative 194 
traits such as leaf size, plant stature, and even inflorescence size are likely to exhibit adaptive 195 
plasticity, where, in better environments (e.g. good soil) larger stature and production of more 196 
flowers are favoured. In contrast, flowers on plants in unusually good soil are visited by the 197 
same pollinators as the rest of the population, and these pollinators impose the same selective 198 
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pressure as elsewhere. This difference in advantages and disadvantages of plastic responses 199 
to environmental variation will select for reduced phenotypic covariation between floral and 200 
vegetative traits, i.e. formation of two or more modules via parcellation (Wagner and 201 
Altenburg 1996; see Berg, 1960; Conner and Sterling, 1995, 1996; Armbruster et al., 1999, 202 
2014; Conner and Lande 2014; Diggle, 2014).  203 
Differences in the strength of canalizing selection acting on different organs within 204 
flowers (and resulting patterns of intra-floral modularity) have received much less attention in 205 
the literature (but see comments in Armbruster et al., 1999; Pérez et al., 2007; Ordano et al., 206 
2008; Bissel and Diggle, 2008, 2010; Diggle, 2014; Fornoni et al., 2016; Heywood et al., 207 
2017). This is unfortunate, because understanding genetic responses to different selective 208 
pressures acting on floral parts that are otherwise expected to be developmentally integrated 209 
is particularly interesting from the perspective of how the architecture of the G matrix, 210 
involving pleiotropy, epistasis, and development, evolves in response to selection generated 211 
by changes in ecological function.  212 
Another gap in our understanding of intra-floral modularity results from how we 213 
search for modules. Berg (1960) and most subsequent studies (see reviews in Murren, 2012; 214 
Diggle, 2014) have focussed on correlation statistics, where traits in different modules are 215 
expected to be more weakly intercorrelated than traits in the same module (Conner and 216 
Lande, 2014). However, as Armbruster et al. (1999) pointed out, sometimes selection appears 217 
to have reduced the steepness of the allometric slope of one trait against another, without 218 
weakening the correlation coefficient, resulting in less phenotypic deviation from an 219 
(inferred) underlying optimum (i.e. increased adaptive precision). In other words, variance 220 
reduction in response to stabilizing selection can happen though: i) reduced covariation with 221 
other traits that vary (e.g. reduced sensitivity of flower traits to among-branch or among-222 
individual variation in local environment, vasculature, or hormone titre); ii) reduced random 223 
variation that is independent of other traits (e.g. increase developmental stability of floral 224 
traits); or iii) a combination of the two. The former leads to shallower allometric slopes (more 225 
negative allometry) and smaller correlation coefficients. The latter leads (with covariance 226 
constant) to greater adaptive precision but sometimes larger correlation coefficients (Fig. 1). 227 
Assessing modularity with correlations alone could thus potentially lead to missing the 228 
phenotypic signature of past adaptive canalization and modularization. 229 
In the present study, we attempt to address some of the gaps in our understanding 230 
noted above. We assess the modular patterns of floral traits, paying special attention to 231 
pollination function of traits and expected likelihood of selection for adaptive precision and 232 
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canalization (Armbruster et al. 2009a). Specifically, we compare patterns of variation in traits 233 
expected to be under tight stabilizing and/or canalizing selection (pollination-mechanics 234 
traits: length and exsertion of the column (= fused style + stamen tissues) against those 235 
expected to be under weaker selection (attraction traits: corolla-lobe [“petal”] sizes). In 236 
addition, we consider non-floral traits (plant stature and inflorescence size) and floral traits 237 
that are not involved in pollination but instead may be selected for their plasticity (e.g. ovary 238 
size). We predicted pollination-mechanics traits would constitute a phenotypic module, i.e. be 239 
buffered from variation in general flower size, and would exhibit lower proportional variation 240 
than both pollinator-attraction traits and non-floral traits. We thus expected inflorescence 241 
traits to belong to a separate module, along with leaves and stems (although none was 242 
measured). We suspected pollinator attraction traits might form a third module (Fig. 2). 243 
Based on previous research on other taxa, we suspected the ovary-hypanthium trait, 244 
anatomically a floral trait, would also, or instead, have linkages to non-floral traits, because 245 
of the potential importance of adaptive plasticity in seed production. We suspected that 246 
corolla-tube length might covary with PMTs, because of its role in the mechanical fit of 247 
pollinators, but also with corolla lobes (Fig. 2), because corolla lobes are extensions of the 248 
corolla-tube tissue (see Figs. 3, 4). We test these and related predictions by examining 249 
patterns of modularity, variation, and allometry of floral traits measured in flowers of ten 250 
triggerplant species (Stylidium, Stylidiaceae).  251 
 252 
     253 
MATERIALS AND METHODS 254 
 255 
Study system 256 
 Stylidium is a large genus (> 300 species) in the family Stylidiaceae and comprises 257 
annual or perennial herbs and subshrubs, largely restricted to Australia. The flowers are 258 
unique among angiosperms in having staminate and pistillate tissues fused into a sensitive, 259 
motile column that, in most species, actively places pollen (ca. 2-day male phase) or retrieves 260 
pollen (ca. 2-day female phase) on or from, respectively, pollinating bee flies (Diptera: 261 
Bombyliidae) and/or bees (Hymenoptera: Apoidea) (Fig. 3; Erickson, 1958; Armbruster et 262 
al., 1994). In the male phase, pollen is released from two dehiscent anthers borne at the tip of 263 
the column. In the female phase, the anthers shrivel and are replaced at the tip of the column 264 
by the receptive stigma (Fig. 3). The column snaps forward instantaneously until it is at least 265 
parallel to the corolla lobes forming the landing platform (up to 180o swing in ca.10-15ms; 266 
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Findlay, 1978) in response to contact by the pollinator’s proboscis with the column base, as 267 
the pollinator obtains nectar (Fig. 4; Erickson, 1958; Armbruster et al., 1994). The location of 268 
pollen placement by a particular species of Stylidium on a given species of pollinator is 269 
relatively consistent (though differs among pollinator species), and stigma contact with the 270 
pollinator even more so (Armbruster et al., 1994, 2009a, 2009b, Armbruster, 2014). Although 271 
most pollinator species move frequently between flowers of sympatric Stylidium species, 272 
stigmas of sympatric species of Stylidium generally contact these shared pollinators in 273 
different locations (Armbruster et al. 1994). Because the staminate and pistillate tissues are 274 
fused (Figs. 3, 4), the positions of anther contact with the pollinator can be expected to be 275 
very similar to the position of stigma contact.  276 
 277 
Sampling and measurements 278 
Ten perennial species were sampled across three sites in Western Australia’s south-279 
west region. They belong to four of Mildbraed’s (1908) infrageneric groupings (Table 1), 280 
which are known to represent four distinct phylogenetic lineages [J.A. Wege, W.S. 281 
Armbruster and F. Forest (RBG Kew, U.K.), unpubl. results of molecular phylogenetic 282 
analyses based on trnL-F, matK, trnQ5'-rps16, and rpl32-trnL sequences from ca. 300 283 
accession of >150species].  284 
Measurements of up to 21 floral and inflorescence traits (Fig. 5) were made using a 285 
microscope with an ocular graticule by one investigator (JAW) on one flower, and, where 286 
possible within the constraints of the specimens collected, one inflorescence, from each of 20 287 
individuals per species collected widely across the spread of each local population and 288 
preserved in 70% ethanol. Note that, because the Stylidium ovary is inferior and it was not 289 
dissected out, the single measurement of the ovary length necessarily included the 290 
hypanthium. The trait was thus one length measurement referred to below as 291 
“ovary+hypanthium length” or “length of hypanthium/ovary”.  292 
Assessment of repeatabilities (see below), exploratory multivariate analyses (Factor 293 
Analyses), and analysis of isometric functions were conducted on the original untransformed 294 
data to facilitate ease of biological interpretation. However, comparisons of levels of 295 
variation (standard deviations) and allometric slopes were conducted on natural-log (Ln) 296 
transformed data because the standard deviations and means were highly correlated across all 297 
traits and all species (range of correlation coefficients across species: 0.63 -- 0.99; overall 298 
mean r = 0.96 [variables and species pooled]). This transformation largely eliminated the 299 
heteroscedasticity caused by the mean-variance correlations, stabilized the variances (sensu 300 
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Lynch and Walsh, 1998, p. 300-302), and allowed for comparisons of mean-proportional 301 
variation across species and traits of different sizes (Lewontin, 1966), which is critical when 302 
assessing the evolution of plasticity, developmental stability, and developmental trajectories 303 
(see Simpson et al., 1960, p. 89-95; Lewontin, 1966; Snedecor and Cochran, 1980, p. 37; 304 
Lynch and Walsh, 1998, p. 305-307). To assess the effect of transforming the data on our 305 
conclusions, all variance and regression analyses were repeated with the untransformed data 306 
and compared with the results of the analyses of the transformed data. 307 
The same investigator who made the original measurements (JAW) subsequently 308 
made repeated measurements on one flower from each of ten individuals from each of three 309 
species in order to allow estimation of measurement error. Each of the 30 flowers was 310 
measured twice, in two rounds of measurements, with the repeated measure taken on the 311 
same day, but not consecutively, to avoid remembering previous measurement values. 312 
Repeatabilities were estimated by calculating the ratio of the among-flower variance to the 313 
total variance (= among-flower variance + within-flower variance) (see Wolak et al., 2012). 314 
Repeatabilities of each trait were assessed and also related with mean trait sizes using logistic 315 
regression (all traits and species pooled; N = 51). Variation in repeatabilities was in part 316 
explained by trait size (Fig. 7). Traits with repeatabilities lower than 90% in two or more of 317 
the three species analyzed (specifically anther-sac length and width and stigma length and 318 
width) were excluded from the analyses that follow.  319 
 320 
Exploratory search for modules 321 
 In order to examine the covariation patterns of inflorescence and floral traits and find 322 
evidence for floral and intra-floral modular structure, on each species we conducted a 323 
separate Factor Analysis (FA), based on Principal Components Analysis (PCA) followed by 324 
varimax rotation, on all measured traits except those excluded because of low repeatability. 325 
The PCA had to be run on the correlation matrix rather than on the variance-covariance 326 
matrix because the large differences trait sizes appeared to preclude extraction of multiple 327 
axes from the latter matrix, defeating our purpose. We expected inflorescence-size traits to be 328 
indicators of general plant stature, and hypanthium length (inferior ovary + fused 329 
hypanthium) to be an indicator of general flower size (and these traits were usually 330 
correlated). We included generally 12 floral traits, and for those species where measured, 331 
three non-floral traits; all traits were linear measurements and no transformations were 332 
employed. Each trait was assigned to the axis (≈ module) with its highest loading, except 333 
when maximum loadings were nearly equal across two axes, in which case the trait was 334 
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reported as ½ on each of the two axes (e.g. axis 1: ½ hypanthium; axis 2: ½ hypanthium). 335 
Most traits in all species loaded primarily on one or, sometimes, two axes. Other (lower) 336 
loadings were ignored. Only axes with eigenvalues ≥ 1 were retained, and this determined the 337 
number of modules listed in Table 2. 338 
 339 
Testing hypothesized modular structure in light of floral function and pollination accuracy  340 
 We used the covariance-ratio (CR) test (Adams, 2016), as implemented in the R 341 
package geomorph (Adams and Otárola-Castillo, 2013), to assess support for possible 342 
floral/non-floral and intra-floral modular structure as predicted from pollination-accuracy 343 
theory. The test is based on the ratio of overall between-module covariation to the overall 344 
within-module covariation as captured by: 345 
 346 
CR = √
𝑡𝑟𝑎𝑐𝑒(𝑆12𝑆21)
√𝑡𝑟𝑎𝑐𝑒(𝑆11
∗ 𝑆11
∗ ) 𝑡𝑟𝑎𝑐𝑒(𝑆22
∗ 𝑆22
∗ )
 347 
           Eqn 1 348 
 349 
Where S11 and S22 are the covariance matrices within modules Y1 and Y2 respectively, S12 350 
and S21 are the covariance matrices between modules, and * indicates the replacement of 351 
diagonal elements with zeroes (see Adams, 2016, for details). If more than two modules are 352 
defined, the average pairwise CR coefficient is utilized. This ratio varies from 0 to infinity, 353 
with values near 1 being, theoretically, the random expectation. Values between 0 and 1 354 
indicate modularity, and values much greater than 1 indicate integration. (However, when a 355 
small number of traits is used, as is the case here, the structure of the data being randomized 356 
can affect the null ratio, and, as the results below show, null ratios can be greater than 1.)  357 
Permutation tests were conducted, where columns (trait measurements) were swapped 358 
randomly in and out of the assigned modules, so that the number of modules and number of 359 
traits per module were preserved (as well as the actual trait data). These are presented as p-360 
values, but results should be interpreted cautiously due to multiple comparisons and low 361 
power caused by the limited number of traits (6-12) being analysed. Nominally 5000 362 
permutation swaps were conducted for each analysis, but some portion would be redundant as 363 
a result of the above limit. Nevertheless, the permutation test yields a valuable indication of 364 
the strength of departure from random in the direction of modularity. (No permutation tests of 365 
integration were conducted.)   366 
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We developed seven sub-hypotheses (models) about modularity related to Berg’s 367 
(1960) original hypothesis. The models varied in the number of modules and the distribution 368 
of floral and non-floral traits (Tables 2, 3): Berg 1 was the basic two-module Berg model, 369 
with all non-floral traits in one module and all floral traits in a second one; Berg 1.5 was as 370 
Berg 1 but with the ovary+hypanthium length included the non-floral module rather than 371 
floral. Berg 2 had traits arranged as in Berg 1, but the ovary+hypanthium trait was excluded. 372 
Berg 3 was as in Berg 1, but the four petal traits were included in the non-floral module; Berg 373 
3.5 was as in Berg 3, except that the ovary+hypanthium length was place in the non-floral 374 
module.  Berg 4 had three modules, with all non-floral traits in the non-floral module, PMTs 375 
included in one floral module, and petal traits and ovary+hypanthium length placed in a third 376 
module. Berg 4.5 was as in Berg 4 except that the ovary+hypanthium length was included in 377 
the non-floral module.  378 
We then conducted a series of covariance-ratio tests (see above and Table 3) and 379 
compared support for these alternate models by conducting a meta-analysis across species. 380 
Only the six models that included all traits were assessed in this way (the Berg-2 model had a 381 
different number of traits and was not be included in the meta-analysis). We assessed the 382 
degree of deviation from random using multinomial and binomial tests (Conover, 1980; 383 
Sokal and Rohlf, 1981) in conducted in R (R Core Team, 2018), against the null hypothesis 384 
that, for a randomly chosen species of Stylidium, the six models of modularity are equally 385 
likely to provide the best fit to the data collected. The use of the multinomial and binomial 386 
tests in this context (and below) assesses the degree of deviation from equi-probable 387 
“success” of the six models, but p-values should be interpreted only as indicative of strength 388 
of support, not strict statistical probabilities.  389 
 In a separate analysis focused on floral traits alone, we used covariance ratios to 390 
detect possible patterns intra-floral modularity for each species.  Using insights from 391 
expected developmental and functional relationships, we established four alternative 392 
hypotheses of module occupation by traits, arranged in a combinatorial matrix (Table 4). We 393 
contrasted two basic expectations: 1) that parts of the same whorl or tissue origin should be 394 
developmentally integrated and form a module: specifically, corolla lobes (“petals) and 395 
corolla tube in one module with ovary/hypanthium and column in a second module; or 2) that 396 
PM traits and non-PM traits would instead form separate modules; specifically, column and 397 
corolla tube in one module and petals traits and ovary/hypanthium in a second module. We 398 
also swapped “secondary” traits (corolla tube, hypanthium) in and out of core hypothetical 399 
modules to create two additional alternative modular arrangements for evaluation (Table 4). 400 
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Covariance Ratios (CR) were calculated for each of the four trait-module combinations for 401 
each species. We then performed several simple meta-analyses using multinomial and 402 
binomial tests (Conover, 1980; Sokal and Rohlf, 1981) in R (R Core Team, 2018), again 403 
exploring strength of deviation from random (but not strict hypothesis testing), assuming 404 
equal likelihoods of species “occupying” any of the four trait-module combinations. In other 405 
words, we used meta-analysis to assess the probability that the lowest CR value would be 406 
associated with one trait-module combination more often than expected by chance. 407 
 408 
Using patterns of variance and allometry to test hypotheses of canalization 409 
 In this approach, we focused analyses on three key floral traits, again following the 410 
pollination-accuracy hypothesis. We used static allometry graphs (where points represent 411 
individuals in a single population) to visualize the variation and covariation of one 412 
pollination-mechanics trait (column exsertion length) and one attraction trait (length of A1 413 
corolla lobe (“A1 petal”) in relation to one general flower-size trait (length of inferior ovary + 414 
hypanthium). All trait values were natural-log transformed prior to analysis, as is standard in 415 
allometric analysis. Note that we cannot rule out a small contribution of ontogenetic 416 
allometry to the allometry patterns, because we did not strictly control flower age, and we 417 
pooled flowers in male and female stages. However, comparisons of sizes of flower traits in 418 
the two stages indicated very little change with age over the 3- to 4-day span of anthesis 419 
(female-stage vs. male-stage column lengths compared in Fig. 6; other traits also assessed but 420 
not shown). Between-trait differences in allometric slopes, correlations with flower size, and 421 
trait precision (standard deviations, SD) were tested across species using Wilcoxon’s signed 422 
ranks test (Conover, 1980). We the above analyses on untransformed data for comparison 423 
with the results analyses on the Ln-transformed data. 424 
 425 
RESULTS 426 
 427 
Interspecific pollination accuracy 428 
 Pollination-accuracy theory (that pollen should be placed on pollinators’ bodies where 429 
conspecific stigmas are most likely to contact them, and vice-versa) predicts that the length of 430 
the column in the male and female phases of Stylidium flowers should be nearly identical (see 431 
Fig. 3). In comparing across species, this should create an isometric regression line with slope 432 
of 1 and intercept of 0. Regression of female-phase column length on male-phase column 433 
length showed this pattern (Fig. 6).   434 
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 435 
Exploratory analyses of modular structure (Factor Analyses) 436 
 For five species out of the six with non-floral measurements, non-floral and floral 437 
traits were placed in separate modules by Factor Analysis (FA) (i.e. loaded on separate 438 
principal axes), with the exception of hypanthium length, which was usually associated with 439 
non-floral traits instead of, or in addition to, floral traits (five species; Table 1; Table S1 440 
[Supplementary Information]). Intra-floral modularity was less consistent. All but one 441 
species exhibited two or three floral modules (Factor-Analysis axes); only one axis of floral 442 
variation (module) was identified in S. diuroides. There was a trend towards pollination-443 
mechanics (column) traits varying on a separate axis (module) than all (or all but one) of the 444 
eight corolla-lobe (“petal”) traits (eight of ten species; sign test, p = 0.055). Floral-tube length 445 
generally loaded with column traits, at least partially (nine of ten species; sign test, p = 0.011; 446 
Table 1, Table S1 [Supplementary Information]).   447 
Note that the absolute number of FA axes (detected modules) is influenced by the 448 
arbitrary cut-off of the eigenvalue needing to be > 1; only relative number of modules 449 
detected across species is informative. This analysis also underestimates the degree of 450 
modularity because of how the staminate and pistillate functions are scored. The stamens and 451 
the style have fused to form the column. The column is, thus, itself a structural and functional 452 
module performing male functions first, followed by female reproductive function a day or 453 
two later.  Figure 6 shows the evolutionary integration (among-species isometry) of these 454 
functions with respect to anther and stigma position relative to the base of the flower.    455 
 456 
Testing for floral vs. non-floral modules with covariance ratios (Berg hypotheses sensu 457 
stricto) 458 
 Based on the results of the Factor Analyses and insights from pollination accuracy 459 
theory, we partitioned traits into series of hypothesized modules, yielding seven variants of 460 
the Berg hypothesis (Table 2), plus an inferred null hypothesis of no modular structure 461 
(ranging from random distribution of traits to fully integrated into a single module). These 462 
were assessed by calculating covariance ratios followed by permutation testing.    463 
 In all six species in which non-floral traits were measured, strongest support accrued 464 
for placing all non-floral traits and ovary-hypanthium length in one module, with all other 465 
floral traits in one (HB3.5) or two other modules (HB4.5). That minimum CR values (strongest 466 
support of modularity) would fall out in this pattern was unlikely to have been the result of 467 
chance (p = 0.0136, Exact Multinomial Test, with assumption of equal probabilities across 468 
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the six module models). This is clear support for the ovary+hypanthium length belonging to 469 
the non-floral module and covarying with its members (Table 3).  Focusing on just the two 470 
best-supported models, support for HB4.5 was stronger than for HB3.5 (Table 3), consistent 471 
with column traits belonging to a separate module than the other floral traits. However, this 472 
difference had no statistical support [p = 0.344, Exact Binomial Test (one-way), tested 473 
against equal probabilities across the two module models]. This second outcome is explored 474 
in more detail in the next section.   475 
 476 
Testing intra-floral module hypotheses with covariance ratios: Floral-Function Hypotheses 477 
Support for the hypothesized functional trait-module combination [(Column-Tube) + 478 
(Petals-Hypanthium)] was particularly strong (Table 4). Eight out ten species had minimal 479 
covariance ratios for the functional-modules combination, while two species had minimal 480 
covariance ratios for the development-modules combination [(Tube-Petal) + (Column-481 
Hypanthium)] (Table 4). (Note that the tube and petals are both corolla tissue, and the column 482 
is partly an extension of the ovary/hypanthium.) This outcome was a significantly divergent 483 
from an even distribution of species across the four module-trait models (Exact Multinomial 484 
Test, with expected frequencies = 1/4, p = 0.0006).  Focusing on the two best models, the 485 
functional-modules model was marginally better supported than the developmental-constraint 486 
model [p = 0.050, Exact Binomial Test (one-way), tested against equal probabilities across 487 
the two module models].  488 
 489 
Patterns of floral-trait variation 490 
 As a complement to analysis of variation and covariation in Ln-transformed data 491 
(below), we assessed variational patterns of untransformed data for different types of floral 492 
traits. Based on a priori expectations (Fig. 2) and Factor Analytical results (Table 1), we 493 
grouped floral traits as 1) floral-size related (ovary+hypanthium length), 2) advertisement 494 
related (A1 and P1 petal lengths and widths), or 3) pollination-mechanics related (column 495 
length, column exsertion, corolla-tube length).  When the standard deviation (SD) was plotted 496 
against trait mean for each species, a clear pattern emerged.  The SDs of size and 497 
advertisement traits were generally larger than for PMTs, but even more striking was that 498 
they fell out on a dramatically steeper slope than the SDs of the PMTs (Fig. 8). The model of 499 
this overall relationship was strongly supported in a GLM analysis [R2 = 0.815 for the trait 500 
SD explained by: i) the trait mean (F1,74 = 164.4, p < 0.001), ii) the trait class (F2,74 = 4.26, p 501 
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< 0.018, and iii) their interaction (F2,74 = 40.70, p < 0.001)].  The significant interaction 502 
indicated that the slopes were indeed divergent (Fig. 8).   503 
 504 
Allometric analysis of pollination-mechanics and advertisement traits  505 
The underlying hypothesis in this analysis was that traits affecting where pollen is 506 
placed on pollinators, and where stigmas contact them, should be proportionally less variable 507 
(more canalized) than advertisement traits and this may be reflected in weaker correlations 508 
(narrow-sense Berg prediction) or shallower allometric slopes (broad-sense Berg prediction). 509 
We test this hypothesis by comparing the covariation of one pollination-mechanics trait 510 
(PMT; column exsertion) and one advertisement trait (AT; length of A1 petal) with general 511 
flower size as captured by the length of the inferior ovary and fused hypanthium (the bulk of 512 
the flower’s biomass) across the ten Stylidium species.  513 
Under the extended Berg hypothesis (that some floral traits should be less variable 514 
than others), employing the narrow-sense (correlation) test, we predicted the correlation 515 
between column exsertion and general flower size would usually be less than between petal 516 
length and general flower size. Under the hypothesis that selection for pollination precision 517 
has led to canalization of PM traits, we predicted less overall variation (smaller SD of Ln-518 
transformed data) in column exsertion than in petal length. We expected this would be 519 
associated with the weaker correlation noted above or else, shallower static allometric slopes 520 
(regression coefficients) of increasing column-exsertion with increasing general flower size 521 
than for increasing petal length. Results of analyses of Ln-transformed data clearly supported 522 
the predictions of the pollination precision hypothesis as mediated by shallower allometric 523 
slopes, but not so obviously the strict Berg (correlation) test as applied to flower parts (Figs. 524 
9-11; Table 5, columns 3-5). In nine of ten species, pollination-mechanics traits (PMTs) 525 
showed lower variation (SDs) than attraction traits (ATs), i.e. were more canalized 526 
(Wilcoxon signed rank test, N =10, T+ = 2, p = 0.002), with canalization resulted largely from 527 
the more negative (shallower) allometric slopes in eight of these nine (Wilcoxon signed rank 528 
test, T+ = 3, N= 10, p = 0.003). In only six of nine cases, was reduced PMT variation relative 529 
at AT variation associated with weaker correlations with overall flower-size variation 530 
(phenotypic decoupling or “Berg effect”), and this trend (across species) of reduced 531 
correlations of PMTs with flower size was not significant (Wilcoxon signed rank test, T+ = 532 
20, N= 10, p = 0.23). Interestingly, in three cases, relatively shallow PMT slopes were 533 
associated with large (and significant or marginally significant) correlations coefficients (r > 534 
0.6). The above analyses were repeated on the untransformed data, and a similar, though 535 
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weaker, trends were observed: correlations between PMTs and overall size did not differ 536 
significantly from correlations between ATs and overall size (T+ = 21, P = 0.28), PMT 537 
regressions had shallower slopes than ATs (T+ = 7, P = 0.015), and PMT variances were 538 
smaller than AT variances (T+ = 10, P = 0.04). 539 
Similar trends was evident when we corrected partially for possible phylogenetic 540 
pseudoreplication (Felsenstein, 1985). The species sampled represent four distinct lineages 541 
(Table 1), with four, three, two, and one representative species from each. Based on lineage 542 
means instead of species values (Table 5), we found that the variation (SDs) and allometric 543 
slopes of column exsertion (the PM trait) were both lower than the corresponding values for 544 
the attraction trait (length of the A1 petal) (for variation: Wilcoxon signed rank test, T+ = 0, 545 
N= 4, p = 0.05; for allometric-slope coefficient: Wilcoxon signed rank test, T+ = 0, N= 4, p = 546 
0.05). Although the trend was in the same direction for correlation statistics, it was not 547 
strongly supported statistically (Wilcoxon signed rank test, T+ = 1, N= 4, p = 0.10). These 548 
analyses were repeated with untransformed data, again with similar results: PMT variation 549 
(SDs) was less than advertisement-trait variation (T+ = 0, P = 0.05), and PMT regressions 550 
had shallower slopes than did advertisement traits (T+ = 0, P = 0.05). Strengths of correlations 551 
again did not differ significantly between the PM and the advertisement traits (T+ = 3, P = 552 
0.25). 553 
 554 
 555 
DISCUSSION  556 
 557 
The narrow-sense prediction of the original Berg hypothesis was that floral traits of 558 
plants with specialized pollination will be, at most, weakly correlated with non-floral traits 559 
not interacting directly with pollinators (Berg, 1960). In other words, floral and non-floral 560 
traits should belong to different variational modules (Armbruster et al. 2014; Conner and 561 
Lande, 2014). Consistent with this prediction, non-floral and floral traits of Stylidium were 562 
generally placed in separate modules by the Factor Analyses (FAs). Extending the Berg 563 
Hypothesis to floral traits alone, following adaptive-accuracy theory, pollination-mechanics 564 
traits (PMTs) were predicted to vary less than, and somewhat independently of, attraction 565 
traits. Consistent with the hypothesis, column traits (PMTs) generally loaded on separate FA 566 
axes (modules) than petal (attraction) traits (eight of ten species). Floral-tube length also 567 
generally loaded with column traits, at least partially (nine of ten species; Table 1), which 568 
perhaps makes sense, because the point of stigma and anther contact with the pollinator is 569 
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affected by the exsertion of the column beyond the corolla throat, which is determined by an 570 
interaction between total column length and corolla-tube length. Also, the position of the 571 
pollinator on the landing platform may be influenced by how long the corolla tube is relative 572 
to the pollinator’s proboscis length. 573 
In all species with measured non-floral traits, results of the covariance-ratio analyses 574 
supported placing all non-floral traits in a completely separate module (one of six species), or 575 
together in a module with the hypanthium (five of six species). This again supports Berg’s 576 
(1960) basic hypothesis, in the broader sense, that variation in traits interacting with 577 
pollinators should be independent of variation in traits not interacting directly with 578 
pollinators, especially for those traits likely to exhibit adaptive plasticity (e.g. leaf size, plant 579 
stature, and possibly ovary size). 580 
Regression of the standard deviations on means of untransformed trait values 581 
confirmed strong correlations between the two across species, supporting the use of log 582 
transformation elsewhere. When traits were grouped into categories by function (general size, 583 
attraction, and pollination-mechanics), it was clear that the trait categories followed at least 584 
two different trajectories of increasing SDs with trait size (Fig. 8). The SDs of pollination-585 
mechanics traits increased more slowly with mean than the SDs of size and attraction traits, 586 
as predicted by extension of the Berg hypothesis and by the pollination-precision hypothesis.  587 
 The allometric and variance analyses were arguably more effective than the 588 
traditional correlation approach in identifying how reductions in proportional variation was 589 
manifested, and in detecting support for canalization and modularity in critical floral traits. 590 
Indeed, correlation statistics were rather uninformative: they sometimes suggested 591 
canalization when there was probably none and sometimes suggested lack of canalization 592 
(and membership of a module) when the trait appeared to be relatively canalized (Table 6). 593 
Thus, correlation analyses provided little or no support for modularity or canalization of 594 
pollination mechanics trait, whereas analyses of allometry and proportional variance provided 595 
quite strong support. Only six of the ten species had PMTs with weaker correlations with 596 
general flower size smaller than did advertisement traits, and these differences were usually 597 
small (Table 5; Wilcoxon signed rank test, p = 0.23). In contrast, the allometric slopes of 598 
PMTs were usually (nine of ten species) considerably shallower than those of advertisement 599 
traits, and the proportional variation was also significantly lower (Table 5; Wilcoxon signed 600 
rank test, p = 0.003 and p = 0.002, respectively), providing unequivocal support for the 601 
pollination-precision and Berg hypotheses.  There was also an indication that random 602 
developmental noise is better controlled for in PMTs, and that the remaining covariance 603 
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reflects unavoidable developmental or genetic constraint(s) (for example, compare the 604 
dispersion of column lengths with the dispersion petal lengths in Figs 8–10). Thus, we 605 
suggest that the Berg hypothesis should not be rejected because correlation statistics to do 606 
meet the narrow-sense statistical prediction.  607 
We have shown that pollination-mechanics traits are usually less variable 608 
phenotypically than other floral traits and also exhibit modularity relative to them. This is at 609 
first surprising, because Stylidium being ecologically generalized in its pollination (i.e. 610 
serviced successfully by several functional groups and many species of pollinators 611 
(Armbruster et al., 1994; WSA unpublished data), contrary to the specialized pollination 612 
qualifier of the Berg hypothesis. We suggest that the critical factor in the evolution of both 613 
floral and intra-floral modularity is not the ecological generalization or specialization of 614 
pollinators and pollination, per se, as suggested by most researchers since Berg (1960) (see 615 
critical discussion in Conner and Lande, 2014), but instead the degree of phenotypic 616 
specialization (sensu Ollerton et al., 2007) of the flowers themselves, e.g. bilateral symmetry, 617 
lateral orientation of flowers (these were originally identified as criteria by Berg [1960] 618 
herself), and other factors, such as the specific location of the trigger point of the column, that 619 
force the pollinators to orient themselves consistently relative to the fertile parts. Stylidium 620 
flowers are indeed bilaterally symmetrical and often laterally oriented (facing sideways), 621 
enforcing positional consistency (but not floral constancy) on their diverse pollinator fauna.  622 
The present study does not take phylogeny fully into account in the lineage-corrected 623 
analyses presented.  Preliminary molecular-phylogenetic data show that the ten sampled 624 
species capture a reasonable amount of the phylogenetic diversity of Stylidium (four lineages 625 
representing four sections). Also, the degree of modularity of PMTs appears to be 626 
evolutionarily labile, as indicated by the diversity of patterns seen within lineages (e.g. the 627 
Despecta lineage; Fig. 10; note asterisked species in Table 6). That variation within lineages 628 
appears to be as great as between lineages suggests that our statistical conclusions are not 629 
inflated by phylogenetic pseudo-replication (Felsenstein, 1985). This observation is 630 
reinforced by the fact that the patterns exhibited by lineage-mean correlations, standard 631 
deviations, and allometric slopes were essentially the same as those detected in the original 632 
species comparisons. We certainly do not assert here that the results obtained from the study 633 
of ten Stylidium species can be generalized to all angiosperms with phenotypically 634 
specialized flowers. Only parallel studies of other groups can assess the generality of our 635 
results.  636 
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We suggest, as have others before (Armbruster et al., 1999; Ordano et al., 2008; 637 
Diggle, 2014) that separate analyses of floral organs with different functions and/or 638 
developmental origins will provide us with better insights than pooled analyses of floral traits 639 
of diverse function and developmental origins. This applies to patterns of variation (e.g. 640 
testing hypotheses of canalization) as well as covariation (testing hypotheses of integration 641 
and modularity). The contrast between modularity models for traits with functional 642 
similarities vs. modularity models for traits with developmental linkages can prove 643 
particularly informative.  644 
We urge also that future research into patterns of variation and covariation of floral 645 
and non-floral traits take an explicit adaptive-accuracy approach to the functional and fitness 646 
consequences of such variation. Phenotypic integration and modularity should not be 647 
expected automatically without an explicit hypothesis of functional or developmental 648 
connections. In turn, developmental connections may best serve as a null expectation against 649 
which to test hypotheses of ecological adaptation (such as canalization and patterns of 650 
modularity). Finally, an integrated view of accuracy, variation (precision), and covariation 651 
(modularity, integration) seems to be a good operational framework. After all, modularity of 652 
multiple traits allows the canalization of those traits under strict stabilizing selection (e.g. 653 
certain floral traits), while allowing possible adaptive plasticity in other (uncorrelated) traits 654 
(e.g. vegetative traits). At the same time, for those floral traits that cannot be completely 655 
stabilized for whatever reason, trait integration (tight covariation) may sometimes reflect 656 
optimal reproductive performance of flowers with traits that interact functionally in the 657 
pollination process, as is as appears to be commonly the case in the within-population 658 
correlations of lengths of stamens, styles, and floral tubes (Conner and Via, 1993; Wanderley 659 
et al., 2016).    660 
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Table 1. Study species, voucher information, position of sensitive column relative to flag and landing-platform petals, and preliminary results of 
exploratory Factor Analysis (FA) (i.e. Principal Components Analysis with varimax rotation) used to generate and assess hypotheses of non-
floral and intra-floral modular structure. The ten study species are vouchered at the Western Australian Herbarium. Numbers in column 5 refer to 
the number of non-floral factor-analysis axes (inferred modules) plus the number of intra-floral factor-analysis axes (inferred modules). The 
percents reported in column 6 indicate the percent of the total variance across all traits that is explained by the specific factor-analysis axis.  See 
Table S1 [Supplementary Information] for detailed results of the Factor Analysis. 
 
Stylidium species Site Voucher Column  
position 
No. FA axes  
(non-floral + floral) 
Traits on each FA axis (“Module”) 
(% variance explained) 
sect. Thyrsiformia (Benth.) Mildbr.      
 S. uniforum Sond. 1 PERTH 08542015 lateral 1 + 3 1. scape length & diameter (9.6%); 2. petal lengths, 
≈1/2 hypanthium length (31.3%); 3. petal widths, 
inflorescence length (24.3%); 4. column length & 
exsertion, corolla-tube length, ≈1/2 hypanthium length 
(22.9%) 
 S. leptophyllum DC. 1 PERTH 08543097 lateral 1 + 3 1. scape length & diameter, inflorescence length 
(18.8%); 2. petal lengths, ≈1/2 hypanthium length 
(26.9%); 3. petal widths, ≈1/2 hypanthium length 
(25.6%); 4. column length & exsertion, corolla-tube 
length (16.4%) 
sect. Tolypangia Mildbr.      
 S. carlquistii Lowrie 2 PERTH 08360146 lateral - + 2 1. petal lengths & widths, hypanthium length, column 
length & exsertion (69.8%); 2. corolla-tube length 
(12.0%) 
 S. diuroides Lindl. 2 PERTH 08360197 lateral - + 1 1. hypanthium length, petal lengths & widths, column 
length & exsertion, corolla-tube length (74.0%) 
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 S. neurophyllum Wege 2 PERTH 08360154 dorsal - + 3 1. petal widths (40.4%); 2. petal lengths, hypanthium 
length (23.6%); 3. column length & exsertion, corolla-
tube length (18.2%) 
sect. Juncea Mildbr.      
 S. scariosum DC. 2 PERTH 08541760 lateral - + 2 1. petal lengths & widths, hypanthium length, ≈1/2 
corolla-tube length (64.7%); 2. column length & 
exsertion, 1/2 corolla-tube length (14.7%) 
 
sect. Despecta Mildbr.       
 S. pulchellum Sond. 3 PERTH 08246742 dorsal 1 + 3 1. scape length & diameter, ≈1/2 inflorescence length, 
hypanthium length (17.4%); 2. petal lengths, ≈1/2 
inflorescence length (22.9%); 3. petal widths (20.6%); 
4. column length & exsertion, corolla-tube length 
(15.6%) 
 S. emarginatum Sond. 3 PERTH 08246726 dorsal 1 + 2 1. scape length & diameter, inflorescence length, ≈1/2 
hypanthium length (22.2%); 2. petal lengths & widths 
(not A2W) (34.9%); 3. column length & exsertion, 
corolla-tube length, petal length (A2L only), <1/2 
hypanthium length (26.0%) 
 S. petiolare Sond. 3 PERTH 08246734 dorsal 1 + 2 1. scape length & diam, inflorescence length, 
hypanthium length (22.4%); 2. petal lengths & widths 
(except A2W) (33.0%); 3. column length & exsertion, 
corolla-tube length, petal width (A2W, 1/2A1W) 
(23.1%) 
 S. obtusatum Sond. 3 PERTH 08360405 dorsal 1 + 3 1. scape length & diam, inflorescence length, <1/2 
hypanthium length (17.2%); 2. petal lengths & widths 
(A's only) (24.2%); 3. petal widths (P's only), (17.7%); 
4. column length & exsertion, corolla-tube length, ≈1/2 
hypanthium length, 1/2 scape diam (25.6%) 
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Table 2. Hypotheses of floral modularity evaluated. Numbers in column 3 indicate different 
hypothesized modular structures, with traits labelled 1, for example, being in a different 
module than those labelled 2 or 3.  Abbreviations in Column 3: n = trait not used in the 
analysis. Green colour indicates non-floral traits, purple indicates floral trait. The trait in 
parentheses (no. flowers in inflorescence) was not included for all species because it was 
either not measured or not informatively variable. The traits encoded as numbers in Column 3 
occur in the following order: 1. scape (including inflorescence) length, 2. scape diameter, 3. 
number of flowers in inflorescence, 4. ovary+hypanthium length, 5. length of column 
exsertion beyond tube (straightened “reach”), 6. total column length, 7. floral-tube length, 8. 
anterior petal 1 (A1) length, 9. A1 petal width, 10. posterior petal 1 (P1) length, 11. P1 petal 
width. Floral-tube length was excluded from the analyses of these hypotheses due to 
uncertainty as to whether it had primarily pollinator-fit or advertisement functions (or both).  
See Table 4 for analyses including this trait. Additional abbreviations: P-M traits = 
pollination-mechanics traits. 
 
Hypothesis Abbreviation Coding Explanation Taxa 
used 
Salient 
Results 
(from  
Tables 3) 
 
 
Berg 1 HBerg1  11(1)222n2222 All floral traits in different 
module than the non-
floral traits 
1-2, 
7-10 
mixed 
support 
 
Berg 1.5 HBerg1.5 11(1)122n2222 As in Berg1, except 
hypanthium placed in 
non-floral module 
1-2, 
7-10 
some 
support 
 
Berg 2 HBerg2 11(1)n22n2222 As in Berg1, except 
hypanthium was excluded 
1-2, 
7-10 
mostly 
supported 
 
Berg 3 HBerg3 11(1)222n1111 As Berg1, except that only 
the P-M traits and 
hypanthium were 
included in floral module, 
with other traits placed in 
non-floral module 
1-2, 
7-10 
not well 
supported 
 
Berg 3.5 HBerg3.5 11(1)122n1111 as Berg 3, except that all 
that only P-M traits were 
included in floral module; 
hypanthium and petal 
traits were included in the 
non-floral module 
1-2, 
7-10 
second-
best 
supported 
 
Berg 4 HBerg4 11(1)322n3333 As Berg 3, except 3 
modules: i. non-floral, ii. 
P-M traits, and iii. other 
floral traits  
1-2, 
7-10 
mostly 
supported 
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Berg 4.5 HBerg4.5 11(1)122n3333 As Berg 4, except 
hypanthium placed in 
non-floral module 
1-2, 
7-10 
best 
supported 
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Table 3. Effect of number of modules and hypanthium module assignment on covariance 
ratios. Abbreviations in column 2: c = column traits, f = floral traits, of = other floral traits, p 
= petal traits, v = non-floral traits. Letters link by dash are in the same “hybrid” module; plus 
sign indicates different modules. For example, “v-p + of” indicates petal and non-floral traits 
hypothesized to be in one module, with other floral traits in a separate module. In columns 3 - 
6, “Hypanthium” refers to the length of the inferior ovary and attached calyx. Other 
abbreviations in columns 3-5 are explained in Table 2 caption. Calculation of p-values is 
explained in the text; p-values provide a measure of support, but should not be interpreted as 
experiment-wise error rates. Covariance ratios much smaller than the random expectation (as 
indicated by permutation p’s ≤ 0.05) are noted in bold, with minimum CR values (for the full 
set of traits) highlighted in blue.  
 
 
Stylidium 
Species 
No. modules 
(combo’s) 
Covariance Ratios 
  Hypanthium floral Hypanthium non-floral Hypanthium excluded 
S. uniforum 2  
(v + f) 
HBerg1: 11.91921 
(p = 0.972) 
HBerg1.5 : 2.882158 
(p = 0.224) 
HBerg2: 10.94412 
(p =0.931) 
2  
(v-p + of) 
HBerg3: 3.413443 
(p = 0.4398) 
HBerg3.5 : 2.303979 
(p = 0.051)  
 
3  
(v + c + of)  
HBerg4: 8.040672  
(p = 0.826) 
HBerg4.5 : 2.228614 
(p = 0.0098) 
 
S. 
leptophyllum 
2  
(v + f) 
HBerg1: 0.9939431  
(p = 0.204) 
HBerg1.5 : 0.9939431 
(p = 0.1908) 
HBerg2: 0.5064963  
(p = 0.109)  
2  
(v-p + of)  
HBerg3: 1.329647 
(p = 0.3094) 
HBerg3.5 : 0.27757  
(p = 0.053) 
 
3  
(v + c + of) 
HBerg4: 0.7424771  
(p = 0.01) 
HBerg4.5 : 0.6313053 
(p = 0.0012) 
 
S. pulchellum 2  
(v + f) 
HBerg1: 2.528697 
(p = 0.285) 
HBerg1.5: 0.9875926 
(p = 0.0642) 
HBerg2: 1.002717 
(p = 0.1056)  
2  
(v-p + of)  
HBerg3: 2.767514 
(p = 0.3512) 
HBerg3.5: 0.797534 
(p =0.0222) 
 
3  
(v + c + p) 
HBerg4: 1.561787 
(p =0.0324) 
HBerg4.5: 0.7289249 
(p = 0.002) 
 
S. 
emarginatun 
2  
(v + f) 
HBerg1: 8.312972 
(p =0.9708) 
HBerg1.5: 2.650176  
(p = 0.4612) 
HBerg2: 1.832105 
(p = 0.0406)  
2  
(v-p + c)  
HBerg3: 2.640397 
(p = 0.4592)  
HBerg3.5: 1.715957 
(p = 0.0286)  
 
3  
(v + c + of) 
HBerg4: 5.520493 
(p= 0.8074) 
HBerg4.5: 2.040278 
(p= 0.0392) 
 
S. petiolare 2  
(v + f) 
HBerg1: 2.855977 
(p = 0.1464) 
HBerg1.5: 2.514983 
(p = 0.0532) 
HBerg2: 1.983254 
(p = 0.0086) 
2  
(v-p + of) 
HBerg3: 3.304574 
(p) = 0.2856 
HBerg3.5 : 2.133885 
(p = 0.0434) 
 
3  HBerg4: 2.080069 HBerg4.5 : 1.920285  
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(v + c + of) (p = 0.0084) (p = 0.0014) 
S. obtusatum 2  
(v + f) 
HBerg1: 11.91921 
(p = 0.9714) 
HBerg1.5 : 2.882158 
(p = 0.2266) 
HBerg2: 7.60292 
(p = 0.7298) 
2  
(v-p + c) 
HBerg3: 3.413443 
(p = 0.4268) 
HBerg3.5 : 2.303979  
(p = 0.0556) 
 
3  
(v + c + of) 
HBerg4: 8.040672 
(p = 0.8362) 
HBerg4.5 : 2.228614 
(p = 0.0116) 
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Table 4. Effect of hypothesised floral modular structure on covariance ratios. The four cells 
(per species) in columns 2-4 indicate four alternative hypotheses of 2-module structure, as 
described by column and row headings and trait codes; the numbers in each cell are the 
Covariance Ratio (CR) and, in parentheses, the deviation of this value from the random 
expectation determined by permutation testing. Covariance ratios much smaller than the 
random expectation, as indicated by permutation p ≤ 0.05, are noted in bold, and the model 
with the minimum CR value for each species is highlighted in blue. Calculation of p-values is 
explained in the text; p-values provide a measure of support, but should not be interpreted as 
experiment-wise error rates. “Hypanthium” refers to the length of the inferior ovary and 
attached hypanthium; “tube” refers to the floral tube formed by the corolla. Abbreviations: C 
= column length; H = length of ovary+hypanthium; P = petal traits; T = floral-tube length; 
adjacent letters indicate assignment to the same hypothetical module; letters separated by a 
plus sign are assigned to separate hypothetical modules. 
 
Stylidium species  Trait Combination: Covariance Ratios 
 (Deviations from Random) 
  
   Module combinations 
Hypanthium with 
column 
Hypanthium with 
petals 
S. uniforum tube with column CHT + P: 1.064167 
(p = 0.057) 
CT + PH: 0.986462 
(p = 0.0192) 
tube with petals CH + PT: 1.064717 
(p = 0.0502) 
C + PHT: 1.003291 
(p = 0.0314) 
S. leptophyllum tube with column CHT + P: 1.363057 
(p = 0.5752)  
CT + PH: 0.792690 
(p = 0.0332) 
tube with petals CH + PT: 1.383311 
(p = 0.4746) 
C + PHT: 0.821264 
(p = 0.0398) 
S. carlquistii tube with column CHT + P: 1.059479 
(n = 0.030)  
CT + PH: 1.10444 
(p = 0.0376) 
tube with petals CH + PT: 1.059319 
(p = 0.0192) 
C + PHT: 1.103972 
(p = 0.0332) 
S. diuroides tube with column CHT + P: 1.193567 
(p = 0.1348)  
CT + PH: 1.208008 
(p = 0.2282) 
tube with petals CH + PT: 1.190581 
(p = 0.1178) 
C + PHT: 1.205691 
(p = 0.104) 
S. neurophyllum tube with column CHT + P: 0.908121 
(p = 0.1424)  
CT + PH: 0.898772 
(p = 0.0898) 
tube with petals CH + PT: 0.920658 
(p = 0.1448) 
C + PHT: 0.911088 
(p = 0.0728) 
S. scariosum tube with column CHT + P: 1.291529 
(p = 0.3858) 
CT + PH: 0.818579 
(p = 0.0186) 
tube with petals CH + PT: 1.331532 
(p = 0.406) 
C + PHT: 0.838990 
(p = 0.0358) 
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S. pulchellum tube with column CHT + P: 1.005111 
(p = 0.2618) 
CT + PH: 0.665403 
(p = 0.0154) 
tube with petals CH + PT: 1.021803 
(p = 0.235) 
C + PHT: 0.679555 
(p = 0.0376) 
S. emarginatun tube with column CHT + P: 1.04874 
(p = 0.0566)  
CT + PH: 1.03911 
(p = 0.0178) 
tube with petals CH + PT: 1.066761 
(p = 0.0736) 
C + PHT: 1.053943 
(p = 0.0334) 
S. petiolare tube with column CHT + P: 0.969357 
(p = 0.0852) 
CT + PH: 0.907867 
(p = 0.0166) 
tube with petals CH + PT: 0.98843 
(p = 0.086) 
C + PHT: 0.944418 
(p = 0.0306)  
S. obtusatum tube with column CHT + P: 1.035591 
(p = 0.0532)  
CT + PH: 0.960358 
(p = 0.017) 
tube with petals CH + PT: 1.075384 
(p = 0.0666) 
C + PHT: 1.009492 
(p = 0.0344) 
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Table 5. Comparisons of correlations coefficients, regression coefficients (proportional to covariances within species), and sample standard 
deviations (proportional to sample variances) between pollination mechanics and advertisement traits (column exsertion and petal length, 
respectively) across ten species of Stylidium. Abbreviations: PMT = pollination-mechanics trait. > and < signs indicate relationship was observed 
in the Ln-transformed data only. >,> and <,< indicate that the relationship was observed in both the Ln-transformed and untransformed data. 
Numbers in row 12, columns 4, 7, and 10 indicate the number of species out of 10 showing the trend indicated.   Numbers in row 13, columns 
4, 7, and 10 indicate the number of lineages out of 4 showing the trend indicated.    
 
Lineage Species PMT 
correlation 
coefficient  
Trend 
(No. 
out of 
10, 4) 
Advertisement 
correlation  
coefficient 
 PMT 
regression 
coefficient 
Trend 
(No. 
out of 
10, 4) 
Advertisement 
regression 
coefficient 
 PMT 
standard 
deviation 
Trend 
(No. 
out of 
10, 4) 
Advertisement 
standard 
deviation 
Thyrsiformia S. uniflorum 0.863 >,> 0.771  0.367 <,< 0.764  0.092  <,< 0.214 
Thyrsiformia S. leptophyllum 0.281 <,< 0.464  0.085 <,< 0.199  0.055  < 0.078 
Tolypangia S. carlquistii 0.619 >,> 0.528  0.240 <,< 0.517  0.048 <,< 0.120 
Tolypangia S. diuroides 0.531 <,< 0.537  0.319 < 0.516  0.077  < 0.123 
Tolypangia S. neurophyllum 0.245 <,< 0.469  0.154 <,< 0.549  0.069 < 0.128 
Juncea S. scariosum 0.229 <,< 0.796  0.056 <,< 0.447  0.054 <,< 0.124 
Despecta S. obtusatum 0.901 >,> 0.687  0.680 >,> 0.602  0.094  <,< 0.200 
Despecta S. pulchellum 0.367 <,< 0.445  0.149 >,> 0.117  0.072  >,> 0.047 
Despecta S. emarginatum 0.624 <,< 0.678  0.231 <,< 0.658  0.081 <,< 0.212 
Despecta S. petiolare 0.503 > 0.500  0.199 < 0.403  0.078 < 0.158 
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mean of 
species 
values  
 0.516 < 
(6) 
0.564  0.248  < 
(8) 
0.481  
  
 0.072  
  
< 
(9) 
0.142  
mean of 
lineage-
mean 
values  
 0.466 < 
(3) 
0.626  0.209 < 
(4) 
0.475  0.068 < 
(4) 
0.137 
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Table 6. Types of errors that occur when using the correlation test (Berg hypothesis s.s.) for 
detecting adaptive modularity and canalization; i.e. when correlation coefficients are 
misleading, in light of adaptive accuracy. Here, we compare both trait precision and trait 
covariation with general flower size (as captured by the length of the inferior ovary + 
hypanthium) between one pollination-mechanic traits (PMT) and one attraction traits (AT).  
See Table 5 for numerical values of coefficients. Abbreviations: “R” is correlation coefficient 
for subscripted traits; (m) indicates marginal difference between PMT and AT correlations 
coefficients. Species with asterisks (bottom line) all belong to the Despecta lineage.  
 
Error Type I: PMT interpreted as 
modular (RPMT < RAT), but other 
information indicates this isn’t 
the case. 
Type II: PMT interpreted as 
not modular (RPMT > RAT), but 
is actually modular and 
canalized.  
None (correct 
interpretation): PMT 
interpreted as modular 
(RPMT < RAT), and there is 
also evidence of greater 
precision in PMT than in 
AT.  
Detail PMT less integrated with 
general size than AT (RPMT < 
RAT), but PMT precision less 
than that of AT (SDPMT > SDAT).  
(Alternative interpretation: 
attraction traits under 
stronger stabilizing selection 
than fit traits, despite higher 
integration with general size.)  
Despite high correlation, 
covariation with overall size 
is “buffered” by shallower 
allometric slope (BPMT < BAT) 
and greater precision (SDPMT 
> SDAT). Lower covariance 
reflects moderated 
developmental constraint, 
whereas reduced variance 
indicates adaptive precision. 
PMT less integrated 
with general size than 
attraction trait (RPMT < 
RAT), PMT has greater 
precision than AT (SDPMT 
< SDAT), and, for 5 of 6 
species, allometric slope 
also shallower  
(BPMT < BAT).  
 
Example 
Stylidium 
species 
 
S. pulchellum* 
 
S. uniflorum 
S. carlquisti 
S. petiolare* (m) 
 
 
S. leptophyllum 
S. diuroides (m) 
S. neurophyllum  
S. scariosum 
S. obtusatum* (m) 
   
 
S. emarginatum* 
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FIGURE CAPTIONS 
 
Fig. 1. Alternative evolutionary responses to canalizing selection on an environmentally 
variable trait, y, which is correlated with a trait, x, that is not under canalizing selection. All 
points together indicate original distribution of trait values at time = t. Blue points are trait 
values removed by episodes of canalizing selection; red points are trait values remaining at 
time = t+1, after evolutionary response to canalizing selection. Note that because these are 
log-log plots, the spread of points on both axes indicates the mean-proportional variation.  
(A) Variance in y is slightly reduced, while covariance is greatly reduced and y-x correlation 
decreases to near 0.  (B) Covariance and variance in y decrease similarly so that slope is 
reduced (negative allometry) but correlation remains similar.  (C) Covariance remains similar 
but correlation increases as “random” variance in y is reduced through canalization (e.g. 
greater developmental precision). The change in correlation coefficient depicted in A is 
consistent with the Berg prediction; that depicted in B may or may not be consistent, and if 
the former, support would be hard to detect; that depicted in C is inconsistent with the Berg 
prediction. 
 
Fig. 2. Predicted modular structure, expectations based largely on results presented in 
Armbruster et al. (1999) and subsequent literature cited in the introduction. “Hypanthium” 
comprises the inferior ovary and fused hypanthium (calyx+corolla+androecium) tissue and is 
expected to show statistical connections with both floral and non-floral modules. 
Abbreviations: L = length, W = width, diam. = diameter. 
 
Fig. 3. Stylidium neurophyllum, a “dorsal column” species (cf. Armbruster et al. 1994). (A) 
Flowers showing the two anterior (upper) corolla lobes (A1+A2), two posterior lobes 
(P1+P2), and column in “cocked” position. (B) A triggered column places pollen on (or 
retrieves pollen from) a solitary bee; pollen of this species (on bee’s thorax) is pale lavender. 
(C) Flower in male phase of ca. 1–2 days, when pollen is released from bilocular anthers 
(white arrow) at the tip of the column; column is in the “cocked” position. (D) Flower in 
female phase of ca. 2 days, when the receptive stigma has taken the place of the anthers at the 
tip of the column (white arrow); column is in the “cocked” position. (E) Side view of a flower 
in female phase with a triggered column in a state of partial recovery, with a white arrow 
indicating the hypanthium+ovary. Photographs by J. & F. Hort (B) and J. Wege. 
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Fig. 4. Lateral view of flowers of Stylidium bicolor Lindl., a “dorsal column” species, sensu 
Armbruster et al., 1994, showing male and female stages and the column in the “cocked” 
position. This species was not measured fir this study but illustrates clearly functional aspects 
of Stylidium flowers. In this species the anther sacs are positioned on the adaxial surface of 
the column head, while the stigma emerges from the tip of the column. Nevertheless, the 
positions of pollen placement on, and stigma contact with, the pollinator are very close.  A. 
Male phase, two dehisced anthers, column, and sensitive (trigger) point of column indicated 
with arrows; flag and landing-platform petals labelled. B. Female phase, stigma, corolla tube, 
and mouth of corolla tube indicated with arrows. Photographs by WS Armbruster. 
 
Fig. 5. Measured floral or inflorescence traits in some of the study species. (A) S. 
emarginatum showing the two anterior petals (A1, A2) positioned either side of the labellum 
and the posterior lobes (P1, P2), with petal length and width measurements indicated on A1 
and P1. The flowers are rotated 180° so that the column operates dorsally. (B) S. carlquistii 
showing the anterior (A1, A2) and posterior (P1, P2) petals, with petal length and width 
measurements indicated on P1. The flowers are rotated 90° so that the column operates 
laterally. (C) S. pulchellum with column exsertion shown on two flowers. (D) S. leptophyllum 
showing scape length (sl) and inflorescence length (il). (E) S. emarginatum showing scape 
length (sl) and inflorescence length (il). (F) S. obtusatum showing hypanthium length (h) and 
corolla tube length (ct). Additional traits that were coded but are not illustrated here are scape 
diameter (at widest point), flower number, column length (apex to base), reproductive phase 
(see Figure 1B, C), anther locule length/width, stigma length/width. Photographs © J. Wege 
and K. Thiele (C). 
 
Fig. 6. Length of the column in the female phase generally equals that in the male phase, and 
the two covary closely across the ten study populations/species. Because a slope of 1 
(isometry) was our expectation, we chose not to transform these data in order to make direct 
interpretation easier. (Ln-transformed and untransformed data have the same slope with 
isometry.) The near isometric pattern with an intercept near zero means that each 
population/species places pollen in the same location, on average, as the stigma is likely to 
contact the pollinator, and vice versa. This degree of precision in pollination should select for 
environmental canalization of both column length and exsertion. The dotted line indicates the 
true isometric slope (slope = 1), with the intercept at 0. 
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Fig. 7. Repeatabilities estimated from 21 traits measured on ten flowers sampled from each of 
three species, regressed against mean trait size. 
 
Fig. 8. Regressions of standard deviations against trait means of untransformed data, where 
each point represents is a population (one population per species). Point colours and labels 
indicate to trait groupings, where traits were grouped into three function classes: 1) general 
floral size (hypanthium + ovary length), 2) advertisement traits (lengths and widths of A1 and 
P1 petals), and 3) pollination-mechanics traits (PMTs) (column length, column exsertion, and 
corolla-tube length).  
 
Fig. 9. Allometric regressions of column length (a pollination-mechanics trait) and A1 petal 
length (an advertisement trait) against hypanthium length for members of the Thyrsiformia 
and Juncea lineages. The dotted line indicates a slope of 1 (LnX = a + LnY), with an 
arbitrary intercept (a) (allowing the line to be in a convenient place).  
 
Fig. 10. Allometric regressions of column length (a pollination-mechanics trait) and A1 petal 
length (an advertisement trait) against hypanthium length for members of the Tolypangia 
lineage. The dotted line indicates a slope of 1 (LnX = a + LnY), with an arbitrary intercept (a) 
(allowing the line to be in a convenient place).  
 
Fig. 11. Allometric regressions of column length (a pollination-mechanics trait) and A1 petal 
length (an advertisement trait) against hypanthium length for members of the Despecta 
lineage. The dotted line indicates a slope of 1 (LnX = a + LnY), with an arbitrary intercept (a) 
(allowing the line to be in a convenient place). 
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Table S1. Detailed results of PCA-based Factor Analyses of floral and non-floral traits of 10 Stylidium species. 
 
1. Stylidium uniflorum 
 
 
Communalities 
 Initial Extraction 
Scape L 1.000 .856 
Scape W 1.000 .861 
Inflorescence 1.000 .507 
Hypanthium (calyx 
tube/ovary) L 
1.000 .828 
Column reach (straightened) 1.000 .942 
Column L 1.000 .968 
Corolla tube L 1.000 .738 
A1 L 1.000 .927 
A1 W 1.000 .915 
P1 L 1.000 .955 
P1 W 1.000 .912 
P2 L 1.000 .935 
P2 W 1.000 .959 
A2 L 1.000 .946 
A2 W 1.000 .955 
Extraction Method: Principal Component Analysis. 
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Total Variance Explained 
Component 
Initial Eigenvalues Extraction Sums of Squared Loadings Rotation Sums of Squared Loadings 
Total % of Variance Cumulative % Total % of Variance Cumulative % Total % of Variance Cumulative % 
1 9.582 63.883 63.883 9.582 63.883 63.883 4.692 31.282 31.282 
2 1.351 9.007 72.890 1.351 9.007 72.890 3.641 24.274 55.555 
3 1.204 8.027 80.917 1.204 8.027 80.917 3.437 22.913 78.469 
4 1.066 7.109 88.026 1.066 7.109 88.026 1.434 9.557 88.026 
5 .682 4.545 92.571       
6 .477 3.181 95.752       
7 .276 1.841 97.594       
8 .117 .780 98.374       
9 .106 .707 99.081       
10 .059 .396 99.477       
11 .040 .266 99.743       
12 .018 .123 99.867       
13 .014 .095 99.961       
14 .005 .032 99.993       
15 .001 .007 100.000       
Extraction Method: Principal Component Analysis. 
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Component Matrixa 
 
Component 
1 2 3 4 
Scape L .547 -.382 .281 .576 
Scape W .395 .394 .404 .622 
Inflorescence .486 .138 .456 -.209 
Hypanthium (calyx 
tube/ovary) L 
.884 .181 -.110 .040 
Column reach (straightened) .809 .456 -.275 -.059 
Column L .805 .526 -.201 -.058 
Corolla tube L .721 .434 -.102 .137 
A1 L .883 -.234 -.297 -.069 
A1 W .897 -.111 .262 -.175 
P1 L .881 -.302 -.274 .117 
P1 W .850 -.095 .289 -.311 
P2 L .860 -.306 -.260 .186 
P2 W .854 -.084 .362 -.302 
A2 L .913 -.220 -.251 .041 
A2 W .950 -.096 .197 -.063 
Extraction Method: Principal Component Analysis. 
a. 4 components extracted. 
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Rotated Component Matrixa 
 
Component 
1 2 3 4 
Scape L .573 .213 -.139 .680 
Scape W -.041 .149 .344 .848 
Inflorescence -.006 .667 .190 .160 
Hypanthium (calyx 
tube/ovary) L 
.510 .377 .628 .177 
Column reach (straightened) .346 .262 .867 .034 
Column L .268 .305 .893 .079 
Corolla tube L .267 .231 .738 .262 
A1 L .822 .329 .375 -.059 
A1 W .498 .756 .275 .143 
P1 L .887 .252 .308 .100 
P1 W .421 .817 .257 .034 
P2 L .883 .216 .288 .160 
P2 W .387 .863 .240 .080 
A2 L .834 .319 .382 .063 
A2 W .572 .684 .335 .218 
Extraction Method: Principal Component Analysis.  
 Rotation Method: Varimax with Kaiser Normalization. 
a. Rotation converged in 7 iterations. 
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2. Stylidium leptophyllum 
 
Communalities 
 Initial Extraction 
Scape L 1.000 .907 
Scape W 1.000 .824 
Inflorescence 1.000 .952 
Hypanthium (calyx 
tube/ovary) L 
1.000 .710 
Column reach (straightened) 1.000 .903 
Column L 1.000 .894 
Corolla tube L 1.000 .785 
A1 L 1.000 .855 
A1 W 1.000 .832 
P1 L 1.000 .962 
P1 W 1.000 .903 
P2 L 1.000 .963 
P2 W 1.000 .862 
A2 L 1.000 .961 
A2 W 1.000 .842 
Extraction Method: Principal Component Analysis. 
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Total Variance Explained 
Component 
Initial Eigenvalues Extraction Sums of Squared Loadings Rotation Sums of Squared Loadings 
Total % of Variance Cumulative % Total % of Variance Cumulative % Total % of Variance Cumulative % 
1 6.391 42.610 42.610 6.391 42.610 42.610 4.029 26.860 26.860 
2 3.802 25.345 67.954 3.802 25.345 67.954 3.840 25.598 52.458 
3 1.692 11.278 79.232 1.692 11.278 79.232 2.826 18.840 71.298 
4 1.269 8.459 87.691 1.269 8.459 87.691 2.459 16.393 87.691 
5 .653 4.353 92.044       
6 .434 2.895 94.939       
7 .199 1.328 96.267       
8 .159 1.062 97.329       
9 .139 .924 98.254       
10 .106 .704 98.958       
11 .064 .427 99.385       
12 .048 .322 99.707       
13 .023 .157 99.863       
14 .013 .084 99.948       
15 .008 .052 100.000       
Extraction Method: Principal Component Analysis. 
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Component Matrixa 
 
Component 
1 2 3 4 
Scape L .339 .681 .466 .333 
Scape W .492 .631 .398 .156 
Inflorescence .371 .675 .574 .171 
Hypanthium (calyx 
tube/ovary) L 
.760 .258 .007 -.255 
Column reach (straightened) .603 -.496 -.128 .526 
Column L .682 -.384 -.038 .529 
Corolla tube L .257 -.705 -.119 .456 
A1 L .813 -.344 .186 -.201 
A1 W .574 .497 -.501 .066 
P1 L .775 -.498 .258 -.216 
P1 W .726 .476 -.383 -.053 
P2 L .768 -.468 .156 -.360 
P2 W .778 .249 -.424 -.123 
A2 L .777 -.461 .328 -.193 
A2 W .710 .440 -.379 -.001 
Extraction Method: Principal Component Analysis. 
a. 4 components extracted. 
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Rotated Component Matrixa 
 
Component 
1 2 3 4 
Scape L -.067 .185 .932 .006 
Scape W .117 .315 .842 -.051 
Inflorescence .076 .146 .954 -.122 
Hypanthium (calyx 
tube/ovary) L 
.513 .595 .297 -.062 
Column reach (straightened) .311 .171 -.037 .881 
Column L .345 .212 .115 .846 
Corolla tube L .213 -.133 -.282 .802 
A1 L .853 .231 .080 .261 
A1 W -.058 .892 .164 .080 
P1 L .929 .092 .016 .300 
P1 W .152 .908 .231 .033 
P2 L .944 .180 -.082 .181 
P2 W .305 .868 .058 .107 
A2 L .929 .063 .094 .293 
A2 W .134 .875 .225 .085 
Extraction Method: Principal Component Analysis.  
 Rotation Method: Varimax with Kaiser Normalization. 
a. Rotation converged in 6 iterations. 
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3. Stylidium carlquistii 
 
 
Communalities 
 Initial Extraction 
Hypanthium (calyx tube) L 1.000 .476 
Column reach (straightened) 1.000 .636 
Column L 1.000 .687 
tube (base to base of A1) 1.000 .857 
A1 L 1.000 .922 
A1 W 1.000 .915 
P1 L 1.000 .863 
P1 W 1.000 .852 
P2 L 1.000 .910 
P2 W 1.000 .861 
A2 L 1.000 .924 
A2 W 1.000 .918 
Extraction Method: Principal Component Analysis. 
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Total Variance Explained 
Component 
Initial Eigenvalues Extraction Sums of Squared Loadings Rotation Sums of Squared Loadings 
Total % of Variance Cumulative % Total % of Variance Cumulative % Total % of Variance Cumulative % 
1 8.700 72.503 72.503 8.700 72.503 72.503 8.378 69.816 69.816 
2 1.119 9.328 81.832 1.119 9.328 81.832 1.442 12.015 81.832 
3 .855 7.126 88.957       
4 .563 4.689 93.647       
5 .378 3.150 96.797       
6 .149 1.239 98.036       
7 .104 .867 98.903       
8 .059 .495 99.397       
9 .030 .248 99.645       
10 .022 .183 99.828       
11 .012 .103 99.931       
12 .008 .069 100.000       
Extraction Method: Principal Component Analysis. 
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Component Matrixa 
 
Component 
1 2 
Hypanthium (calyx tube) L .618 .306 
Column reach (straightened) .796 -.049 
Column L .823 .101 
tube (base to base of A1) .195 .905 
A1 L .957 .083 
A1 W .920 -.260 
P1 L .929 .001 
P1 W .921 -.061 
P2 L .950 .087 
P2 W .889 -.266 
A2 L .955 .112 
A2 W .945 -.157 
Extraction Method: Principal Component Analysis. 
a. 2 components extracted. 
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Rotated Component Matrixa 
 
Component 
1 2 
Hypanthium (calyx tube) L .542 .427 
Column reach (straightened) .789 .116 
Column L .784 .268 
tube (base to base of A1) .004 .926 
A1 L .919 .278 
A1 W .954 -.065 
P1 L .909 .192 
P1 W .914 .130 
P2 L .912 .281 
P2 W .924 -.077 
A2 L .911 .307 
A2 W .957 .042 
Extraction Method: Principal Component Analysis.  
 Rotation Method: Varimax with Kaiser Normalization. 
a. Rotation converged in 3 iterations. 
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4. Stylidium diuroides 
 
 
Communalities 
 Initial Extraction 
Hypanthium (calyx tube) L 1.000 .376 
Column reach (straightened) 1.000 .790 
Column L 1.000 .819 
tube (base to base of A1) 1.000 .329 
A1 L 1.000 .853 
A1 W 1.000 .814 
P1 L 1.000 .787 
P1 W 1.000 .806 
P2 L 1.000 .878 
P2 W 1.000 .752 
A2 L 1.000 .895 
A2 W 1.000 .783 
Extraction Method: Principal Component Analysis. 
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Total Variance Explained 
Component 
Initial Eigenvalues Extraction Sums of Squared Loadings 
Total % of Variance Cumulative % Total % of Variance Cumulative % 
1 8.880 74.003 74.003 8.880 74.003 74.003 
2 .940 7.830 81.833    
3 .785 6.544 88.378    
4 .610 5.084 93.462    
5 .348 2.901 96.362    
6 .145 1.208 97.570    
7 .105 .879 98.449    
8 .076 .631 99.080    
9 .052 .434 99.514    
10 .027 .225 99.739    
11 .022 .185 99.924    
12 .009 .076 100.000    
Extraction Method: Principal Component Analysis. 
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Component Matrixa 
 
Component 
1 
Hypanthium (calyx tube) L .613 
Column reach (straightened) .889 
Column L .905 
tube (base to base of A1) .574 
A1 L .924 
A1 W .902 
P1 L .887 
P1 W .898 
P2 L .937 
P2 W .867 
A2 L .946 
A2 W .885 
Extraction Method: Principal Component 
Analysis. 
a. 1 components extracted. 
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5. Stylidium neurophyllum 
 
 
Communalities 
 Initial Extraction 
Hypanthium (calyx tube) L 1.000 .548 
Column reach (straightened) 1.000 .918 
Column L 1.000 .834 
tube (base to base of A1) 1.000 .772 
A1 L 1.000 .936 
A1 W 1.000 .772 
P1 L 1.000 .866 
P1 W 1.000 .856 
P2 L 1.000 .818 
P2 W 1.000 .801 
A2 L 1.000 .909 
A2 W 1.000 .827 
Extraction Method: Principal Component Analysis. 
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Total Variance Explained 
Component 
Initial Eigenvalues Extraction Sums of Squared Loadings Rotation Sums of Squared Loadings 
Total % of Variance Cumulative % Total % of Variance Cumulative % Total % of Variance Cumulative % 
1 7.267 60.556 60.556 7.267 60.556 60.556 4.846 40.383 40.383 
2 1.370 11.416 71.972 1.370 11.416 71.972 2.827 23.558 63.942 
3 1.221 10.175 82.147 1.221 10.175 82.147 2.185 18.205 82.147 
4 .812 6.768 88.915       
5 .500 4.163 93.078       
6 .406 3.383 96.461       
7 .179 1.494 97.954       
8 .123 1.026 98.981       
9 .073 .612 99.593       
10 .023 .188 99.780       
11 .017 .143 99.924       
12 .009 .076 100.000       
Extraction Method: Principal Component Analysis. 
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Component Matrixa 
 
Component 
1 2 3 
Hypanthium (calyx tube) L .358 -.157 .629 
Column reach (straightened) .718 .634 .019 
Column L .756 .507 -.075 
tube (base to base of A1) .408 .587 .510 
A1 L .885 -.337 .201 
A1 W .736 .010 -.481 
P1 L .876 -.261 .174 
P1 W .890 .106 -.228 
P2 L .880 -.169 .125 
P2 W .862 -.091 -.222 
A2 L .875 -.315 .208 
A2 W .848 -.110 -.311 
Extraction Method: Principal Component Analysis. 
a. 3 components extracted. 
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Rotated Component Matrixa 
 
Component 
1 2 3 
Hypanthium (calyx tube) L -.097 .709 .192 
Column reach (straightened) .474 .079 .829 
Column L .576 .092 .703 
tube (base to base of A1) -.068 .297 .824 
A1 L .597 .755 .099 
A1 W .868 .025 .136 
P1 L .599 .696 .154 
P1 W .820 .240 .355 
P2 L .622 .619 .220 
P2 W .816 .323 .175 
A2 L .583 .745 .117 
A2 W .862 .261 .125 
Extraction Method: Principal Component Analysis.  
 Rotation Method: Varimax with Kaiser Normalization. 
a. Rotation converged in 10 iterations. 
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6. Stylidium scariosum 
 
 
Communalities 
 Initial Extraction 
Hypanthium (calyx tube) L 1.000 .696 
Column reach (straightened) 1.000 .801 
Column L 1.000 .727 
tube (base to base of A1) 1.000 .203 
A1 L 1.000 .914 
A1 W 1.000 .894 
P1 L 1.000 .943 
P1 W 1.000 .891 
P2 L 1.000 .899 
P2 W 1.000 .784 
A2 L 1.000 .896 
A2 W 1.000 .884 
Extraction Method: Principal Component Analysis. 
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Total Variance Explained 
Component 
Initial Eigenvalues Extraction Sums of Squared Loadings Rotation Sums of Squared Loadings 
Total % of Variance Cumulative % Total % of Variance Cumulative % Total % of Variance Cumulative % 
1 8.228 68.570 68.570 8.228 68.570 68.570 7.766 64.720 64.720 
2 1.303 10.858 79.428 1.303 10.858 79.428 1.765 14.707 79.428 
3 .933 7.776 87.203       
4 .570 4.746 91.950       
5 .408 3.404 95.353       
6 .306 2.546 97.900       
7 .170 1.416 99.316       
8 .036 .298 99.613       
9 .025 .206 99.819       
10 .014 .119 99.938       
11 .006 .050 99.988       
12 .001 .012 100.000       
Extraction Method: Principal Component Analysis. 
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Component Matrixa 
 
Component 
1 2 
Hypanthium (calyx tube) L .830 .087 
Column reach (straightened) .180 .877 
Column L .565 .639 
tube (base to base of A1) .423 .154 
A1 L .946 -.137 
A1 W .944 -.050 
P1 L .966 -.097 
P1 W .934 -.138 
P2 L .929 -.190 
P2 W .880 -.093 
A2 L .946 -.017 
A2 W .940 .019 
Extraction Method: Principal Component Analysis. 
a. 2 components extracted. 
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Rotated Component Matrixa 
 
Component 
1 2 
Hypanthium (calyx tube) L .779 .298 
Column reach (straightened) -.052 .893 
Column L .380 .763 
tube (base to base of A1) .369 .258 
A1 L .949 .112 
A1 W .925 .195 
P1 L .959 .156 
P1 W .938 .108 
P2 L .946 .056 
P2 W .875 .137 
A2 L .918 .228 
A2 W .904 .261 
Extraction Method: Principal Component Analysis.  
 Rotation Method: Varimax with Kaiser Normalization. 
a. Rotation converged in 3 iterations. 
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7. Stylidium pulchellum 
 
 
 
Communalities 
 Initial Extraction 
Scape L 1.000 .826 
Scape W 1.000 .716 
Inflorescence 1.000 .702 
Hypanthium (calyx 
tube/ovary) L 
1.000 .753 
Column reach (straightened) 1.000 .904 
Column L 1.000 .969 
Corolla tube L 1.000 .285 
A1 L 1.000 .832 
A1 W 1.000 .731 
P1 L 1.000 .830 
P1 W 1.000 .827 
P2 L 1.000 .824 
P2 W 1.000 .806 
A2 L 1.000 .714 
A2 W 1.000 .757 
Extraction Method: Principal Component Analysis. 
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Total Variance Explained 
Component 
Initial Eigenvalues Extraction Sums of Squared Loadings Rotation Sums of Squared Loadings 
Total % of Variance Cumulative % Total % of Variance Cumulative % Total % of Variance Cumulative % 
1 5.652 37.679 37.679 5.652 37.679 37.679 3.438 22.918 22.918 
2 2.709 18.062 55.741 2.709 18.062 55.741 3.095 20.636 43.554 
3 1.815 12.102 67.843 1.815 12.102 67.843 2.608 17.389 60.943 
4 1.301 8.670 76.513 1.301 8.670 76.513 2.336 15.570 76.513 
5 .994 6.626 83.139       
6 .715 4.764 87.903       
7 .610 4.067 91.970       
8 .416 2.774 94.743       
9 .291 1.937 96.681       
10 .223 1.487 98.168       
11 .135 .899 99.067       
12 .074 .490 99.557       
13 .042 .282 99.839       
14 .021 .139 99.978       
15 .003 .022 100.000       
Extraction Method: Principal Component Analysis. 
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Component Matrixa 
 
Component 
1 2 3 4 
Scape L .668 .143 .319 -.508 
Scape W .609 .480 .117 -.320 
Inflorescence .778 .013 -.230 -.207 
Hypanthium (calyx 
tube/ovary) L 
.770 .171 -.041 -.359 
Column reach (straightened) .367 .644 .513 .300 
Column L .326 .674 .505 .391 
Corolla tube L .219 .487 -.023 .010 
A1 L .731 .138 -.301 .433 
A1 W .543 -.422 .501 .087 
P1 L .769 -.170 -.379 .258 
P1 W .646 -.587 .251 .055 
P2 L .812 .006 -.347 .210 
P2 W .487 -.645 .150 .361 
A2 L .558 .254 -.571 -.113 
A2 W .550 -.521 .331 -.272 
Extraction Method: Principal Component Analysis. 
a. 4 components extracted. 
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Rotated Component Matrixa 
 
Component 
1 2 3 4 
Scape L .059 .298 .833 .199 
Scape W .235 -.038 .715 .385 
Inflorescence .595 .208 .552 -.018 
Hypanthium (calyx 
tube/ovary) L 
.419 .166 .732 .117 
Column reach (straightened) .040 .035 .181 .932 
Column L .052 .005 .093 .978 
Corolla tube L .185 -.246 .231 .370 
A1 L .842 .164 .038 .308 
A1 W .041 .822 .166 .161 
P1 L .842 .329 .109 -.010 
P1 W .256 .853 .173 -.073 
P2 L .841 .236 .220 .113 
P2 W .322 .815 -.183 -.064 
A2 L .718 -.225 .382 -.053 
A2 W .027 .750 .411 -.158 
Extraction Method: Principal Component Analysis.  
 Rotation Method: Varimax with Kaiser Normalization. 
a. Rotation converged in 6 iterations. 
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8. Stylidium emarginatum 
 
 
Communalities 
 Initial Extraction 
Scape L 1.000 .895 
Scape W 1.000 .766 
Inflorescence 1.000 .814 
Hypanthium (calyx 
tube/ovary) L 
1.000 .710 
Column reach (straightened) 1.000 .854 
Column L 1.000 .842 
Corolla tube L 1.000 .662 
A1 L 1.000 .918 
A1 W 1.000 .878 
P1 L 1.000 .890 
P1 W 1.000 .799 
P2 L 1.000 .894 
P2 W 1.000 .839 
A2 L 1.000 .883 
A2 W 1.000 .835 
Extraction Method: Principal Component Analysis. 
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Total Variance Explained 
Component 
Initial Eigenvalues Extraction Sums of Squared Loadings Rotation Sums of Squared Loadings 
Total % of Variance Cumulative % Total % of Variance Cumulative % Total % of Variance Cumulative % 
1 9.897 65.981 65.981 9.897 65.981 65.981 5.236 34.908 34.908 
2 1.560 10.401 76.383 1.560 10.401 76.383 3.906 26.042 60.950 
3 1.021 6.808 83.191 1.021 6.808 83.191 3.336 22.240 83.191 
4 .879 5.863 89.054       
5 .556 3.710 92.763       
6 .325 2.165 94.928       
7 .232 1.545 96.474       
8 .211 1.404 97.877       
9 .125 .835 98.713       
10 .102 .678 99.391       
11 .035 .233 99.624       
12 .025 .164 99.788       
13 .019 .125 99.913       
14 .013 .083 99.996       
15 .001 .004 100.000       
Extraction Method: Principal Component Analysis. 
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Component Matrixa 
 
Component 
1 2 3 
Scape L .624 .659 .266 
Scape W .633 .600 .081 
Inflorescence .745 .486 .154 
Hypanthium (calyx 
tube/ovary) L 
.817 .192 -.071 
Column reach (straightened) .767 -.160 -.490 
Column L .819 -.101 -.400 
Corolla tube L .797 .085 -.140 
A1 L .911 -.211 .210 
A1 W .896 .082 -.262 
P1 L .880 -.294 .171 
P1 W .790 -.337 .248 
P2 L .873 -.299 .207 
P2 W .851 -.279 .193 
A2 L .898 -.137 .239 
A2 W .817 .114 -.393 
Extraction Method: Principal Component Analysis. 
a. 3 components extracted. 
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Rotated Component Matrixa 
 
Component 
1 2 3 
Scape L .201 .105 .919 
Scape W .146 .264 .822 
Inflorescence .320 .274 .798 
Hypanthium (calyx 
tube/ovary) L 
.414 .514 .524 
Column reach (straightened) .358 .847 .089 
Column L .407 .800 .188 
Corolla tube L .422 .565 .405 
A1 L .835 .358 .305 
A1 W .430 .721 .416 
P1 L .839 .376 .210 
P1 W .840 .263 .153 
P2 L .855 .343 .213 
P2 W .822 .341 .215 
A2 L .801 .323 .370 
A2 W .294 .782 .370 
Extraction Method: Principal Component Analysis.  
 Rotation Method: Varimax with Kaiser Normalization. 
a. Rotation converged in 5 iterations. 
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9. Stylidium petiolare 
 
 
Communalities 
 Initial Extraction 
Scape L 1.000 .904 
Scape W 1.000 .691 
Inflorescence 1.000 .887 
Hypanthium (calyx 
tube/ovary) L 
1.000 .639 
Column reach (straightened) 1.000 .774 
Column L 1.000 .837 
Corolla tube L 1.000 .581 
A1 L 1.000 .927 
A1 W 1.000 .794 
P1 L 1.000 .921 
P1 W 1.000 .573 
P2 L 1.000 .934 
P2 W 1.000 .813 
A2 L 1.000 .944 
A2 W 1.000 .557 
Extraction Method: Principal Component Analysis. 
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Total Variance Explained 
Component 
Initial Eigenvalues Extraction Sums of Squared Loadings Rotation Sums of Squared Loadings 
Total % of Variance Cumulative % Total % of Variance Cumulative % Total % of Variance Cumulative % 
1 8.493 56.622 56.622 8.493 56.622 56.622 4.944 32.960 32.960 
2 1.807 12.043 68.666 1.807 12.043 68.666 3.470 23.136 56.096 
3 1.476 9.842 78.508 1.476 9.842 78.508 3.362 22.411 78.508 
4 .871 5.805 84.313       
5 .719 4.795 89.108       
6 .507 3.379 92.487       
7 .420 2.800 95.286       
8 .295 1.970 97.256       
9 .230 1.537 98.793       
10 .086 .573 99.366       
11 .034 .225 99.591       
12 .028 .186 99.776       
13 .015 .101 99.877       
14 .011 .075 99.952       
15 .007 .048 100.000       
Extraction Method: Principal Component Analysis. 
 
83 
 
 
Component Matrixa 
 
Component 
1 2 3 
Scape L .659 .675 -.121 
Scape W .531 .477 .426 
Inflorescence .712 .614 -.050 
Hypanthium (calyx 
tube/ovary) L 
.632 .487 -.055 
Column reach (straightened) .798 .065 .365 
Column L .777 -.069 .477 
Corolla tube L .673 -.141 .328 
A1 L .884 -.150 -.351 
A1 W .820 -.325 .126 
P1 L .891 -.127 -.333 
P1 W .671 -.350 -.035 
P2 L .888 -.101 -.369 
P2 W .854 -.287 .039 
A2 L .866 -.134 -.420 
A2 W .461 -.320 .492 
Extraction Method: Principal Component Analysis. 
a. 3 components extracted. 
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Rotated Component Matrixa 
 
Component 
1 2 3 
Scape L .296 .031 .903 
Scape W -.063 .456 .692 
Inflorescence .311 .134 .879 
Hypanthium (calyx 
tube/ovary) L 
.303 .130 .728 
Column reach (straightened) .308 .686 .457 
Column L .272 .807 .335 
Corolla tube L .317 .659 .215 
A1 L .889 .241 .280 
A1 W .610 .639 .116 
P1 L .875 .252 .304 
P1 W .615 .442 .016 
P2 L .885 .214 .324 
P2 W .675 .576 .162 
A2 L .913 .173 .282 
A2 W .130 .734 -.036 
Extraction Method: Principal Component Analysis.  
 Rotation Method: Varimax with Kaiser Normalization. 
a. Rotation converged in 6 iterations. 
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10. Stylidium obtusatum 
 
 
Communalities 
 Initial Extraction 
Scape L 1.000 .840 
Scape W 1.000 .816 
Inflorescence 1.000 .876 
Hypanthium (calyx 
tube/ovary) L 
1.000 .654 
Column reach (straightened) 1.000 .898 
Column L 1.000 .854 
Corolla tube L 1.000 .759 
A1 L 1.000 .928 
A1 W 1.000 .739 
P1 L 1.000 .837 
P1 W 1.000 .956 
P2 L 1.000 .862 
P2 W 1.000 .948 
A2 L 1.000 .908 
A2 W 1.000 .826 
Extraction Method: Principal Component Analysis. 
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Total Variance Explained 
Component 
Initial Eigenvalues Extraction Sums of Squared Loadings Rotation Sums of Squared Loadings 
Total % of Variance Cumulative % Total % of Variance Cumulative % Total % of Variance Cumulative % 
1 7.660 51.067 51.067 7.660 51.067 51.067 3.839 25.594 25.594 
2 2.391 15.938 67.004 2.391 15.938 67.004 3.628 24.186 49.780 
3 1.496 9.972 76.977 1.496 9.972 76.977 2.658 17.718 67.498 
4 1.157 7.710 84.687 1.157 7.710 84.687 2.578 17.188 84.687 
5 .801 5.342 90.029       
6 .389 2.591 92.620       
7 .327 2.181 94.801       
8 .279 1.860 96.661       
9 .210 1.401 98.062       
10 .126 .840 98.902       
11 .087 .583 99.484       
12 .037 .249 99.734       
13 .031 .208 99.942       
14 .006 .039 99.980       
15 .003 .020 100.000       
Extraction Method: Principal Component Analysis. 
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Component Matrixa 
 
Component 
1 2 3 4 
Scape L .720 -.386 .111 -.401 
Scape W .728 -.432 .256 -.187 
Inflorescence .667 -.170 .044 -.632 
Hypanthium (calyx 
tube/ovary) L 
.749 -.279 .121 .030 
Column reach (straightened) .729 -.506 .057 .327 
Column L .785 -.399 .061 .276 
Corolla tube L .655 -.398 .170 .379 
A1 L .553 .670 .407 -.096 
A1 W .559 .495 .216 .369 
P1 L .886 .198 -.077 -.088 
P1 W .638 .142 -.727 .013 
P2 L .898 .212 -.049 -.090 
P2 W .622 .118 -.740 -.025 
A2 L .614 .674 .257 -.105 
A2 W .807 .330 -.066 .248 
Extraction Method: Principal Component Analysis. 
a. 4 components extracted. 
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Rotated Component Matrixa 
 
Component 
1 2 3 4 
Scape L .448 .078 .144 .783 
Scape W .623 .123 .015 .642 
Inflorescence .157 .169 .212 .882 
Hypanthium (calyx 
tube/ovary) L 
.640 .220 .172 .408 
Column reach (straightened) .905 .040 .189 .204 
Column L .850 .147 .225 .243 
Corolla tube L .850 .133 .075 .115 
A1 L -.022 .940 -.021 .208 
A1 W .294 .781 .131 -.159 
P1 L .350 .566 .479 .406 
P1 W .162 .158 .943 .125 
P2 L .353 .594 .462 .413 
P2 W .143 .122 .943 .153 
A2 L -.023 .917 .139 .219 
A2 W .413 .664 .461 .056 
Extraction Method: Principal Component Analysis.  
 Rotation Method: Varimax with Kaiser Normalization. 
a. Rotation converged in 5 iterations. 
 
 
 
 
